D
espite advances in the care of patients with lung cancer, the disease remains prevalent globally and has a high mortality rate (1) . With widespread adoption of computed tomographic lung cancer screening, the incidence of resectable disease will increase as patients are diagnosed at an earlier stage (2) . Surgical resection has traditionally involved spreading the ribs by thoracotomy. Minimally invasive techniques performed by video-assisted thoracic surgery (VATS) have avoided rib spreading and have resulted in reduced pain and faster recovery (3) . Despite improved outcomes, VATS has had limited acceptance, being used for 6% to 20% of lobectomies performed in the United States (4, 5) . Limited acceptance of VATS may be due to diffi cult maneuverability of instruments and two-dimensional imaging.
Th e use of robotic surgical systems has rapidly increased and has become the standard in certain specialties. Robotic-assisted prostatectomy increased from 5% in 1998 to 85% in 2010 (6) . Similar increases have been observed in gynecologic surgery. Robotic surgical systems off er a minimally invasive approach with improved instrumentation and three-dimensional visibility.
Th oracic robotics is in its infancy. Previously, most thoracic operations at Th e Heart Hospital Baylor Plano (THHBP) were VATS. Th e potential for improved outcomes with robotic surgical systems prompted the purchase of a da Vinci system. Results from our fi rst 20 patients are reported herein.
METHODS
Th e da Vinci Robotics Surgical System (Intuitive Surgical, Inc., Sunnyvale, CA) was purchased in fall 2011 by THHBP (Figure 1 ). Our staff and surgeons were trained according to the manufacturer's suggested pathway. We developed a dedicated team for the operating room. Successive thoracic patients were off ered and accepted a robotic-assisted operation. No patient was excluded because of age, height, weight, or comorbidities. All patients were informed that this is a novel technique.
Th e technique used has been previously described by Cerfolio and colleagues (6) . Four robotic arms as well as an assistant port were used for most patients (Figure 2 ). Th e assistant performs an active role in robotic-assisted thoracic surgery, including the stapling of all vessels, fi ssures, and bronchi.
All lymph node stations were sampled for lobectomies (stations 2R, 4R, 7, 8, and 9 for right lobectomies and stations 5, 6, 7, 8, and 9 for left lobectomies). Patients were tracked for operating room time, length of stay, and postoperative complications.
RESULTS
Th e fi rst robotic-assisted thoracic operations were performed on November 11, 2011. Th e Table demonstrates the operations performed. Only one of the fi rst 10 operations was a lobectomy. As the program staff gained experience, seven of the latter 10 operations were lobectomies. Every lobe was removed: the right upper lobe (n = 3), right middle lobe (n = 1), right lower lobe (n = 1), right middle and lower lobe (n = 1), left upper lobe (n = 1), and left lower lobe (n = 1). All but one of the lobes were cancerous. Th e left upper lobectomy was for Mycobacterium avium-intracellularae with bronchiectasis.
Th e outcomes are depicted in the Table. Th e average length of stay was 2.6 days. Th e longest length of stay was 4 days, for a patient who developed postoperative atrial fi brillation (AF). One of the two patients who developed AF had a history of paroxysmal AF and had a pacemaker in place.
Th e average operating room time was 147 minutes for all 20 patients and 200 minutes for those undergoing lobectomies. Th e longest operating room time was 337 minutes, for a patient who underwent a right middle lobectomy that was converted to a VATS due to right-lung infl ation during the robotic procedure.
Complications developed in fi ve patients. Two patients developed AF. One patient developed a bronchopleural fi stula after a coughing episode on the fi rst postoperative day. Th e fi stula occurred as a result of a staple tearing through the bronchus and required open repair. It is suspected that the staple height used for this bronchus was insuffi cient. A patient with an anterior mediastinal mass developed a mucous plug in the left main stem bronchus, resulting in collapse of the left lung on the fi rst postoperative day. Th e patient underwent fi ber optic bronchoscopy with evacuation of a mucous plug, which resulted in expansion of the lung. Th is patient was discharged home on her third postoperative day. One patient was readmitted because of a pneumothorax 6 days after hospital discharge. Th e patient was treated with a small-bore catheter and subsequently recovered.
DISCUSSION
Recent studies have shown favorable results regarding robotic systems for thoracic operations. Cerfolio et al demonstrated reduced morbidity rates (27% vs. 38%) and mortality rates (0% vs. 3%) with robotic assistance compared with rib-and-nerve-sparing thoracotomy (7) . In addition to improved morbidity and mortality, chest tubes were removed in less time (1.5 days vs. 3 days), and the length of hospital stay was reduced (2 days vs. 4 days). Verbal pain score 3 weeks postoperatively was also reduced.
Another recent multiinstitutional retrospective review of robotic-assisted lobectomy demonstrated excellent results (8) . Morbidity and mortality were low. Long-term survival was also acceptable and compared well with VATS and thoracotomy.
Our experience confi rms the observations of other investigators (6-11) that patients undergoing robotic procedures have less pain, with reduced atelectasis. Th ere are also fewer air leaks and less chest tube drainage, resulting in earlier removal of chest tubes. Moreover, patients are discharged earlier and require fewer transfusions.
Surgeons have better visualization with robotic systems. A more complete lymph node dissection can be performed, resulting in a more comprehensive oncologic procedure. Th e surgeon has greater, more intuitive control of the instruments compared with VATS.
Th ere are, however, potential disadvantages to roboticassisted surgery. For instance, the fi nancial investment required is not always available in the budgets of health care facilities. Also, robotic-assisted surgery requires change on the part of the surgeon and the operating team; these staff members must be willing to alter the course of their profession. Moreover, the limited availability of a robotic system may be problematic, although most hospitals now have a robot to support their urology and gynecology services.
In conclusion, the early results of the robotic-assisted thoracic surgical program initiated at THHBP suggest that surgery 
